lated to catalase activity, since variability in catalase activity between strains has been demonstrated (8, 9). It has also been shown that staphylococci with higher catalase activities were able to grow in the presence of higher concentrations of H202 at 37 C than were cultures with lower activities (9, 10). To delineate the importance of catalase as a protective mechanism, the resistance of staphylococcal cultures to different levels of H202 (0.025 and 0.05%) at treatment temperatures of 37.8 and 54.4 C and catalase activities of the cultures were determined.
The overall resistance of a bacterial species to a chemical agent like hydrogen peroxide depends upon the inherent characteristics of the test organism and treatment parameters such as concentration and temperature. Increases in concentration of H202 have been shown to decrease the survival time of Staphylococcus aureus in sterilized milk at 30 C (13) . Other studies have indicated that concentration of H202 is less important than time of treatment at 130 F (54.4 C) in effecting bactericidal action against S. aureus (12) . These varied effects of concentration of H202 might have been caused by differences in the strains of S. aureus used in the studies. Von Ruden and co-workers have shownthat cultures of coagulase-positivestaphylococci from mastitic bovine milk and clinical sources varied in resistance to H202 (15) . Interpretation of effects of H202 concentration in their study is complicated, since individual cultures did not have the same relative resistance to H,02 at different treatment temperatures. Resistance to H20Q at 54.4 C was related to heat resistance 'at this same temperature (15) .
Resistance of staphylococci to H202, especially at lower treatment temperatures, might be re-lated to catalase activity, since variability in catalase activity between strains has been demonstrated (8, 9) . It has also been shown that staphylococci with higher catalase activities were able to grow in the presence of higher concentrations of H202 at 37 C than were cultures with lower activities (9, 10) . To Cell-free extracts of all cultures were diluted with phosphate buffer (pH 7.0) to give 0.004 mg of N/ml in a stock solution. A 5-ml amount of the stock solution was added to 3 ml of phosphate buffer (pH 7.0). The mixture was brought to 32.2 C and 1 ml of an aqueous solution containing 73.53, 147.06, or 294.12 jumoles of H202 was added. Decomposition of H202 was stopped after 5, 10, 20, 25, and 30-min intervals by adding 1 ml of 6 N HCI. Residual H202 was determined spectrophotometrically (17) . The specific activity (K) of cell-free extracts was calculated with the equation used for intact cell activities, except that c is defined as the concentration of N (protein) of cell-free extract preparation in grams of N per liter of the reaction mixture.
H202 treatment. Stock and milk cultures of staphylococci were prepared according to the method of Amin and Olson before treatment with 0.025 (7.35 ;Amoles/ml) and 0.05% (14.71 ,umoles/ml) H202 at 37.8 and 54.4 C (2). The cultures were heat-treated at 54.4 C without added H202. Numbers of survivors were determined by plate-count methods (1).
RESULTS
Catalase activity of cell-free extracts. Catalase activities of cell-free extracts of staphylococcal cultures are shown in 16, 1968 on August 27, 2017 by guest http://aem.asm.org/ Downloaded from AMIN AND OLSON spheroides showed about one-third of the catalase activity of toluene-treated cells and cells disrupted sonically (4) . Lipid solvents used in these studies may have altered the lipoproteins of the cytoplasmic membrane or cell wall and altered the permeability of the intact cell to Ha02.
Catalase activities of the cell-free extract and intact cells of cultures 196E and 558D were similar. It must be assumed that cells of culture 558D possessed characteristics which increased its sensitivity to H202 above that of culture 196E and that the high catalase activity of culture 558D was insufficient to overcome this effect. Culture 558D was the most sensitive culture to heat treatment at 54.4 C, and it also showed the greatest increase in sensitivity when treated with 0.025% H202 at 54.4 C, as compared to heat treatment at this temperature. It is possible that cell characteristics responsible for the increased sensitivity to added H202 at 54.4 C are operative also at 37.8 C.
